Aims. Our goal is to establish the true nature of post-AGB star candidates and to identify new post-AGB stars. Methods. We used low resolution optical spectroscopy and we compared the spectra of the candidate post-AGB stars with those of stars in the library specta available in the literature and with spectra of "standard" post-AGB stars, and direct imaging in narrow-band filters.
Introduction
Post-AGB stars are luminous objects of low/intermediate mainsequence mass (M ≤ 8M ) in the last stages of their evolution. They are the descendants of Asymptotic Giant Branch (AGB) stars and the immediate precursors of planetary nebulae (PNe). Post-AGB stars evolve toward higher effective temperatures, but they are not hot enough yet to ionise the surrounding remnant of the AGB envelope and to have entered in the PN phase. Therefore, these objects contain valuable information not only about the mass loss, chemical enrichment, and wind properties in the AGB phase, but also about the processes leading to the departure from AGB and those that will shape PNe (see Van Winckel 2003; and Engels 2005 , for recent reviews). It is well known that evolution from the AGB to the PN phase involves dramatic changes in all stellar and circumstellar properties, for which many physical processes, still not well clarified, appear to be responsible (see Balick & Frank 2002) . Understanding the AGB to PN transition depends on precise knowledge of the formation and properties of post-AGB stars and how these objects evolve before they transform in PNe.
Even though new post-AGB stars have recently been identified (Suárez et al. 2006) , the number of known post-AGB stars is still scarce (see also Szczerba et al. 2003) . This is in part due to the short duration of this phase, which strongly depends on the initial mass. Although for the less massive objects the duration of Based on observations collected at the Centro Astronómico Hispano Alemán (CAHA) at Calar Alto, operated jointly by the MaxPlanck Institut für Astronomie and the Instituto de Astrofísica de Andalucía (CSIC), and at the Observatorio de Sierra Nevada, which is operated by the Consejo Superior de Investigaciones Científicas through the Instituto de Astrofísica de Andalucía (Granada, Spain).
Appendices A-D are only available in electronic form at http://www.aanda.org the post-AGB phase may be as large as 10 4 -10 5 yr, more massive objects may last only a few decades/centuries in the post-AGB phase (Blöker 1995) . In these circumstances, identification of post-AGB stars may be difficult. The IRAS satellite was successful in enabling systematic identifications of post-AGB candidates. García-Lario et al. 1997 , hereafter GL97) have been widely used to identify a large number of possible objects in the post-AGB phase. However, these diagrams alone do not allow us to clearly distinguish between post-AGB stars and other kind of objects (e.g., H ii regions, young stellar objects, AGB stars). To determine the true nature of the candidates, other observations are necessary. The purpose of this paper is to present and discuss the spectra of several candidates to post-AGB stars, which have been obtained to establish their true nature and, thereby, to identify new post-AGB stars.
Selection criteria
The objects were selected for observation in the framework of our low-resolution spectroscopic study of a large sample of Preite-Martínez's (1988) , PN candidates as well as from GL97 transition objects (AGB and post-AGB stars to proto-PNe and PNe). To select our objects we follow the same procedure of Pottasch et al. (1998) which was also used by Preite-Martínez (1988) to select and distinguish PNe. However, we used different lower and upper limits in IRAS colours in our selection following GL97. In brief, if a post-AGB or a PN candidate fulfills a criterion of having IRAS flux ratios such as F(12 µm)/F(25 µm) ≤ 0.50 and F(25 µm)/F(60 µm) ≥ 0.35, then there will be a good chance for it being either a true post-AGB star or a true PN. In the IRAS colour-colour diagram, the IRAS flux ratios set a 
This criterion was used by GL97 as an additional constraint, besides near infrared photometry, to determine the nature and the evolutionary status of the objects in their sample. Post-AGB stars and PNe following this criterion would be inside a box defined by the colours mentioned above. However, young stellar objects, H ii regions, or variable OH/IR stars also fall inside this box, so that additional observations are necessary to discriminate the true nature of the objects. Since our main goal is to find new post-AGB stars, we include two well known post-AGB stars in our spectroscopic survey as "standard post-AGBs": GLMP 1058 and GLMP 1078 (van Winckel & Reyners 2000) . In addition, we include GLMP 1015 in our list, which has already been claimed as post-AGB star (Hrivnak et al. 1994; Arkhipova et al. 2000) , but has never been spectrocopically observed before. Table 1 gives the object's name from GL97 and Preite-Martínez (1988) , the IRAS name, the IRAS colours, a sequence number (see below), and the galactic latitude. Following GL97, in Fig. 1 , we show the position of the spectroscopically observed objects in the IRAS two-colour diagram, according to the sequence number in Table 1 . We also include in Fig. 1 a new, identified young PN, PM 1-322 (No. 17) (Pereira & Miranda 2005) , and the already known post-AGB star GLMP 160 (No. 18) (Pereira & Machado 2003) . We note that for PM 1-243, PM 1-261, PM 1-267, and PM 1-312, the 12 µm IRAS fluxes are upper limits. Therefore, their positions in the axis [12]-[25] are also upper limits. The solid line in Fig. 1 is the exponential curve calculated by Bedijn (1987) for the change of IRAS colours for an AGB star with increasing mass loss. and GLMP 982 (No. 9) should be considered post-AGB stars.
The rest of the objects may be post-AGB stars (including PNe, e.g., PM 1-322 No. 17), young stellar objects, or compact H ii regions since their IRAS colours overlap. We note that narrowband images have been obtained for four of the objects observed spectroscopically. Because the images provide new information about these four objects, we include them in this work.
Observations and reductions
Spectroscopic observations were performed with CAFOS (Calar Alto Faint Object Spectrograph) attached to the 2.2 m telescope at the Calar Alto Observatory (Almería, Spain) during August 24-26, 2004 and December 1, 2004 and August 3-7, 2005 The detector was a SITe CCD with 2048 pixels in the spectral direction. The observations were done using the grisms B-100 and R-100 covering the spectral range 3200-6000 Å and 5900-9300 Å, respectively (for GLMP 75 only the range 3200-6000 Å was observed, while for GLMP 1000 we observed only the range 5900-9300 Å). Exposure time ranges between 600 s and 3000 s, depending on the brightness of the object. The resolution obtained with both grisms is 2 Å/pixel and the slit orientation was north-south. Spectrophotometric standards from Oke (1974) and Massey et al. (1988) were also observed for flux calibration. The spectra were reduced using standard IRAF tasks. Direct images of post-AGB candidates were obtained during August 3-15, 2004 with the 1.5 m telescope at the Observatorio de Sierra Nevada (Granada, Spain). The detector was a RoperScientific VersArray with 2048 × 2048 pixels of 0. 232 in size, resulting in a field of view of 7. 9 × 7. 9. Images were obtained through three narrow-band filters: Hα (λ c = 6563 Å, FWHM = 10 Å), [N ii] (λ c = 6584 Å, FWHM = 10 Å), and [O iii] (λ c = 5007 Å, FWHM = 50 Å). Exposure time was 1800 s for each filter. The spatial resolution, mainly depending on the seeing, varies between 1. 3 and 2. 1 . The images were reduced following standard procedures within the MIDAS package. The imaged objects in common with the spectroscopic survey are GLMP 1000, GLMP 1062, GLMP 1083, and GLMP 9.
Results and discussion
In this section we will concentrate on the description of the spectra of the post-AGB stars in our sample, leaving the description of the data and identificacion of the rest of the objects for the section Online material (see also Sect. 4.3). From the observed candidate post-AGB stars, PM 1-243, PM 1-261, PM 1-267, PM 1-312, GLMP 818, and GLMP 982 show spectral characteristics that allow us to identify them as new post-AGB stars. In the following we will provide evidence based on the spectroscopic data that these stars are of luminosity class I, which is one of the criteria for a star to be a post-AGB star (Kwok 1993) . For this, we will compare the strengths of some suitable absorption lines in our candidate stars with those of stars from the library spectra available in the literature (Jacoby et al. 1984; Torres-Dagen & Weaver 1993; Danks & Dennefeld 1992) . Finally, we will compare our candidate stars, whenever possible, with the two "standard post-AGB stars" GLMP 1058 and GLMP 1078 to better constrain their nature.
We have measured the strength (equivalent width) of the Paschen line at 8751 Å, the K line of Ca ii at 3933 Å, the calcium infrared triplet, the oxygen line at 7774 Å, and the CN band at 7925 Å in the spectra of the stars from Jacoby et al. (1984) and Danks & Dennefeld (1992) , in our six candidate stars and in the two standard post-AGB stars. Of the lines mentioned above, the most useful ones to distinguish supergiants from giants and dwarfs are the oxygen line at 7774 Å and the CN band at 7925 Å. Figure 2 shows how the strength of the oxygen line changes according to the luminosity class. In dwarf stars the strength never reaches a value greater than 0.8 Å, in giants it is always less than 1.0 Å, while in supergiants it can reach values greater than 2.0 Å. In our candidate stars, this line is present, except in PM 1-267 (see also below), with equivalent widths of 2.0 Å, 1.9 Å, 1.7 Å, 1.4 Å, and 1.4 Å in PM 1-261, PM 1-312, GLMP 818, PM 1-243, and GLMP 982, respectively. In the two standard post-AGB stars, GLMP 1058 and GLMP 1078, the strength of the oxygen line is 1.7 Å and 1.8 Å, respectively. In Fig. 2 we also show the position of our post-AGB stars. The spectral type assigned to them is approximate and based on a comparison with the spectra of the standard post-AGB and other standard stars (see below). Based on the temperature data available (van Winckel & Reyniers 2000), we also plot the positions of the two standard post-AGB stars in this diagram. Even though the spectral types may be somewhat uncertain, the large equivalent widths of the oxygen line at 7774 Å provide conclusive evidence that five of these stars are supergiants.
As for the CN band at 7925 Å, we notice that it has its greatest strength in supergiants with values up to 10 Å for late G supergiants. In dwarfs it is never stronger (when present) than 1.4 Å in the spectral range from F6V to K0V. In giants, this strength lies between 0.7 Å and 4.3 Å in the spectral range F8III to K3III. The CN band is definitely present in PM 1-261, GLMP 818, and PM 1-267 with a strength of 2.4 Å, 1.7 Å, and 2.6 Å, respectively. In GLMP 1058 and GLMP 1078 it has values of 2.5 Å and 2.4 Å, respectively. Its absence in PM 1-312, PM 1-243, and GLMP 982 probably indicates that these stars have a spectral type earlier than F6. The calcium infrared triplet is a class luminosity discriminator, but only for stars beyond spectral type F5, since for earlier types it is severely blended with the Paschen lines (Danks & Dennefeld 1994) . The calcium triplet reaches its strongest strength in the supergiants, from 10 Å to 13.0 Å. In dwarfs and giants this value lies around 6 Å and 8 Å, respectively (Jones et al. 1984 ). For our candidate stars, the strength of the calcium infrared triplet is 13.7 Å, 12.6 Å, 16.0 Å, 9.0 Å, 12.0 Å, and 9.0 Å for PM 1-261, PM 1-312, GLMP 818, PM 1-267, PM 1-243 and GLMP 982, respectively. In the two standard post-AGB stars, GLMP 1058 and GLMP 1078, the values are 11.6 Å and 10.7 Å, respectively.
The other two features, the Paschen line at 8751 Å and the Ca ii line at 3933 Å, were not useful to classify the post-AGB star candidates. Based on the Paschen line alone, we could not distinguish a giant from a supergiant. Our measurements of the Ca ii line seem to indicate that it reaches its greatest strength in giant stars. However, the values for stars of spectral type later than F0 should be seen with caution because it is very difficult to set the continuum around this line in low resolution spectra. From these measurements, we conclude that PM 1-243, PM 1-261, PM 1-267, PM 1-312, GLMP 818, and GLMP 982 are supergiant stars. This result, together with the IRAS colours, provides conclusive evidence that these six post-AGB candidates are, in fact, post-AGB stars. In the following we will comment about other spectral characteristics of these stars, which are also in consonancy with their classification as post-AGB stars.
The absorption spectrum of PM 1-261 and PM 1-312 is similar to that of GLMP 1058 (see Fig. 3 ) which has an effective temperature of 6 500K (van Winckel & Reyniers 2000) . Figure 3 also shows the spectrum of a typical F5Iab star (HD 9973) from Jacoby et al. (1984) reddened by E(B − V) = 0.5. All these three stars present very strong H and K Ca ii lines in absorption, which are typical of F-type star (Jacoby et al. 1984) . The presence of the CN band in PM 1-261 and its absence in PM 1-312 (see above) probably indicates that PM 1-312 is hotter than PM 1-261.
The continuum of PM 1-267 and GLMP 818 indicates very reddened stars (Fig. 4) . In fact, using the library of stellar spectra by Jacoby et al. (1984) , their continuum distribution can be better fit by a reddened F5I star. Figure 4 shows that the spectra are similar to that of GLMP 1078, which has an effective temperature of 6750 K (van Winckel & Reyniers 2000) . In addition, the Paschen lines are absent in PM 1-267. We also noticed that the absence of the oxygen line at 7774 Å and the presence of the calcium infrared triplet indicate that PM 1-267 has a spectral type similar to that of a G5I star. In fact, a G5I star has a temperature of 4850 K (Schmidt-Kaler 1982) , which is much lower than that of GLMP 1078.
It should be noted that PM 1-267 was classified as a PN by van de Steene & Pottasch (1995) because of its radio continuum emission at 6 cm. However, our spectrum does not show any emission line. A similar situation is observed in the Egg Nebula that does not show nebular emission lines, but strong radio continuum emission at centimeter wavelengths, which is due to dustas indicated by the spectral index (Jura et al. 2000) . Radio continuumn emission from PM 1-267 has been observed at only one frequency (van de Steene & Pottasch 1995) , and the spectral index cannot be calculated. Multi-frequency observations of the radio continuum emission from PM 1-267 will certainly allow us to deduce the origin of this emission. PM 1-243 and GLMP 982 have a spectral type similar to that of a F-type star (Fig. 5) , albeit with a lesser degree of reddening than the objects shown in Fig. 4 , since the H and K lines of Ca ii are observed. These two stars exhibit the same features as those observed in the F-type stars mentioned above such as the calcium infrared triplet and the oxygen triplet at 7774 Å. GLMP 982 is an oxygen-rich star, since no feature at 21 µm was detected (Kwok et al. 1995) .
Search for signatures of s-process nucleosynthesis
Post-AGB stars may present s-process enhancements. Although our spectra are of low resolution and, hence, not entirely suitable for detailed line identification, we carry out a search for absorption lines in the spectra of the post-AGB stars to probe the presence of elements created by slow neutron capture reactions.
These lines include Ba ii at 4554 Å, 5853 Å, 6141 Å, and 6496 Å, and Sr ii at 4077 Å and 4215 Å. In addition, we also inspect whether the carbon lines around 7110 Å are present. We use GLMP 1058 and GLMP 1078 as template stars for this search since these two stars are already known to exhibit both carbon and barium enhancements (van Winckel & Reyners 2000) . We also used the library spectra of Barnbaum et al. (1996) and Allen & Strom (1995) for comparison. The first one is very useful because there are several peculiar stars (CH and Barium) observed at almost the same resolution as ours and the later one because they present several spectra between 5700 Å and 9000 Å, where one could detect, if present, C i around 7110 Å. to probe carbon enhancements is the carbon line around 7110 Å, since this line is apparently free of contaminations. We found a strong feature at 7110 Å in GLMP 1058, GLMP 1078, PM 1-261, PM 1-243, PM 1-312, and GLMP 818. The strength of this line is always stronger in the post-AGB stars than in A-F type standard stars used for comparison. We did not detect the carbon lines in GLMP 982 because it is an oxygen-rich star (see above) and in PM 1-267 because it is probably not hot enough to excitate this line. From these results we conclude that the stars with carbon and strontium features are good candidates to be investigated at higher resolution to determine their abundance pattern.
GLMP 1015, a previously known post-AGB star
GLMP 1015 is also known as VES 351 and V 2324 Cyg and, as already mentioned, has been considered as a post-AGB star (see Sect. 2). Our spectrum (Fig. 6) shows Hα, the sodium doublet, O i 7774 Å, and O i 8446 Å in emission. The calcium triplet is also in emission, which is a strong characteristic of young stellar objects (Hamann 1992a,b) and some symbiotic stars (Munari & Zwitter 2002) . Classified as F-type star by Hrivnak et al. (1994) , our data shows the H and K lines of Ca ii in absorption. The spectral type as well as the luminosity class of this star seem to be variable. Arkhipova & Ikonnikova (1994) classified it as a B8-B9 II star and mentioned that GLMP 15 cannot be in the main sequence because this would imply a very high reddening. Later on, Arkhipova et al. (2000) , based on broadband Relative flux versus wavelength (Å) spectrum of GLMP 9 (solid line), a G7III star (solid line), and a G6V star (dotted line) reddened by E(B − V) = 0.5. We see that the spectrum of GLMP 9 is very similar to the spectrum of a G7III star.
photometry, classified GLMP 1015 as a A3 I star. By comparing the Hδ measurements in our spectrum with the standards from Jacoby et al. (1984) , it seems that GLMP 1015 has a spectral type of a late A-early F supergiant star. Figure 6 also shows an A9I star reddened by E(B − V) = 1.0 for comparison. It is interesting to note that even in the most recent papers, the supergiant nature of this star (if this is the case) is still not revealed either with infrared spectroscopy (Kelly & Hrivnak 2005) or submilimiter observations (Hrivnak & Bieging 2005) . According to García-Lario et al. (1990) "an optical spectrum is necessary to confirm the nature of this object". However, from our data we cannot conclude whether this star is a supergiant since the absorption features used to provide a diagnostic of the luminosity class (e.g., the oxygen line at 7774 Å, see above) are in emission.
Other post-AGB candidates
The rest of the objects in Table 1 include two H ii regions (GLMP 1000 and GLMP 1062), a young stellar object (PM 1-212), a G giant with infrared emission (GLMP 9), and three objects for which no classification was possible (GLMP 75, GLMP 1043, and GLMP 1083) . The data of these objects are presented and discussed in Appendices A to D (see Online material).
Conclusions
We have carried out a spectroscopic survey of post-AGB star candidates with the aim of establishing their true nature and of identifying new post-AGB stars. Narrow-band images have also been obtained for four post-AGB candidates not previously observed. The main conclusions of this work can be summarised as follows: 1) Six new post-AGB stars have been identified by comparing their spectra with spectra of stars with different spectral types and luminosity classes, and with those of already known post-AGB stars also observed in our survey. The new post-AGB stars are: PM 1-243, PM 1-261, PM 1-267, PM 1-312, GLMP 818, and GLMP 982. Their spectral types range from G5 to F5. 2) GLMP 1000 and GLMP 1062, previously known as emission-line objects, are identified as H ii regions because of their emission line ratios and morphology in the direct images. In GLMP 1000, a group of three nebulous objects is detected with a bow-shock or a disc/outflow appearance, while a complex region dominated by a large emission bow is found in GLMP 1062. 3) GLMP 9 is identified as a giant star (luminosity class III) rather than as a dwarf. The presence of infrared emission in GLMP 9 deserves further investigation. 4) PM 1-212 is identified as main sequence A-type star. 5) GLMP 1015 is probably a post-AGB star, although high resolution spectroscopy would be necessary to confirm its nature. 6) For GLMP 75, GLMP 1043, and GLMP 1083, no definitive classification could be done. Although the spectra suggest that they may be young stellar objects, in the case of GLMP 1083 the possibility of being a post-AGB star cannot be ruled out. 
